S1. Materials
CNF solutions (1.20 wt% and 1.7 wt% dry pulp contents) were produced by six passes in a microfludiser, from birch kraft pulp (UPM Kymmene, Pietarsaari, Finland) . This pulp still contained 24 wt% xylan (surface adsorbed) and was not pre-or post-oxidised to improve dispersibility. N,Ndiethylnitroaniline was purchased from Fluorochem Ltd (Hadfield, UK). Ionic liquids IoLiLyte ® 221PG, 1-ethyl-3-methylimidazolium triflate ([emim] [OTf]), 1-ethyl-3-methylimidazolium mesylate ([emim] [OMs]), 1-ethyl-3-methylimidazolium dicyanamide ([emim] [DCA]), 1-ethyl-3-methylimidazolium tricyanomethanide ([emim] [TCM]), were purchased from Iolitec GmbH (Heilbronn, Germany) and used without further purification. g-Valerolactone (GVL), 4-nitroaniline, acetic anhydride (Ac 2 O), potassium acetate, HPLC acetone, N,N-dimethylaminopyridine (DMAP), anhydrous N,N-dimethylformamide (DMF) and 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio)phenolate (Reichardt's dye) were all purchased from Sigma-Aldrich Finland Oy (Helsinki, Finland) and used without further purification Acid impurities in these ionic liquids were assessed by diluting the ionic liquids to 10 wt % with deionised water and measuring the pH. Tetrabutylphosphonium chloride ([P 4444 ]Cl, 80 % aq) was purchased from Tokyo Chemical Industry -Europe (Product #: T1649) and was dried by high vacuum rotary evaporation at 90 o C for several hours. DMSO-d 6 was purchased from Euriso-Top. HPLC-grade methanol was purchased from Fischer Scientific (Loughborough, UK).
S2. General Procedure for Synthesis of [P 4444 ][OAc]
[P 4444 ]Cl was dissolved in isopropanol, in a 1:5 mass ratio and heated to 80 o C with stirring.
Potassium acetate, 1.01 molar equivalents, was added in small portions and stirred to ensure homogenization in the mixture. After stirring at 80 o C for one hour, the mixture was stirred at room temperature for a further 16 hours, and refrigerated for a further 16 hours to ensure complete precipitation of KCl. The KCl by-product was vacuum filtered over a glass sinter filter and celite and the isopropanol was removed under reduced pressure. Cold acetone was added to the crude product to precipitate any remaining salts. The mixture was again filtered with a glass sinter filter and celite. Acetone was evaporated under reduced pressure, and the product was dried under in a vaccuum rotary evaporator (90 o C fro several hours) to produce a highly viscous, amber liquid. This crystallised on standing at room temperature. The purity, by 1 H NMR (SF1), was practically the same as for our previous published method using silver acetate for the metathesis procedure.
[10e] (see main text) 
S3. Dewatering (Evaporation) Procedure
The ionic liquids were mixed with the aqueous CNF solutions (1:1 w/w). before addition of 30 mL of methanol. The ionic liquid-CNF mixture was thoroughly mixed with water in a vortexing homogeniser and poured to falcon tube. Flask was washed with additional 10 mL of methanol, which was then combined into the centrifugation tube. The mixture was then centrifuged for 10 min at 4000 rpm and at 15 o C. The pellet was recovered and the centrifugation procedure was repeated an additional 2 times (2*40 mL of methanol). Finally, AcCNF was transferred to a round bottom flask, using a small amount of methanol. The solvent was evaporated and the product dried under vacuum to form a clear film (S5). The residual solutions from centrifugation were combined and evaporated for analysis of the residual ionic liquid (S16).
Procedure 2 (Comparative Procedure): Dewatered CNF solutions were prepared by drying CNF (5.0 g)in each ionic liquid (5.0 g). Acetic anhydride (3.33 mmol, 340 mg, 315 µL, 9.0 eq per AGU) and DMAP (3.0 mg, catalytic) were added to a round bottom flask containing the dewatered CNF in selected solvent (60 mg CNF in 5 g total weight). The reaction mixture was thoroughly mixed and heated to 80 o C overnight. Reaction mixture was let to cool to rt. before addition of 10 mL of water.
The ionic liquid-CNF mixture was thoroughly mixed with water in a vortexing homogeniser and poured to falcon tube. Flask was washed with additional 10 mL of water, which was then combined into the centrifugation tube. The mixture was then centrifuged for 10 min at 4000 rpm and at 15 o C.
The pellet was recovered and the centrifugation procedure was repeated an additional 3 times (3*20 mL of water). Finally, the CNF was washed two times with 15 mL of MeOH. The AcCNF was transferred to a round bottom flask, using a small amount of methanol. The solvent was evaporated and the product dried under vacuum. The residual solutions from centrifugation were combined and evaporated for purity analysis. per AGU) was added to a round bottom flask containing the dewatered CNF gel (114 mg CNF in 1.14 g total weight). The reaction mixture (clear paste) was thoroughly mixed and heated to 80 o C for 4 hr. Reaction mixture was let to cool to rt. before addition of 6 mL of water. The ionic liquid-CNF mixture was thoroughly mixed with water in a vortexing homogeniser and poured to falcon tube. Flask was washed with additional 10 mL of water, which was then combined into the centrifugation tube. The mixture was then centrifuged for 10 min at 4000 rpm and at 25 o C. The pellet was recovered and the centrifugation procedure was repeated an additional 3 times (3*20 mL of water). Finally, the CNF was washed two times with 15 mL of EtOH. The AcCNF was transferred to a round bottom flask, using a small amount of ethanol. The solvent was evaporated and the product dried under vacuum to yield a white foam (85.5 mg, 75 wt% yield). This was then subjected to ATR-IR analysis (S12).
S6
. The sample was measured using a Varian Unity Inova 600 MHz spectrometer equipped with a triple resonance probe head. The HSQC pulse sequence with multiplicity editing was used.
[16c-f] (see main text)
Spectral width in the 13 C dimension was 20000 Hz. The 13 C transmitter offset was 70 ppm. Spectral width in the 1 H dimension was 7000 Hz. The 1 H transmitter offset was 4.5 ppm. The relaxation delay was 1 s and acquisition time was 0.2 s. There were 128 transients were collected per increment with an initial 16 steady-state scans. There were 256 increments in the 13 C dimension. DMSO-d 6 was used as locking solvent. The experiment temperature was maintained at 40 o C. The processed spectra, including the ionic liquid and acetate region, is shown in SF6.
SF6. Full multiplicity-edited HSQC spectra for AcNFC in [P 4444 ][OAc] and DMSO-d6 (1:4 w/w), recorded at 40 o C.

S11. Multiplicity-Edited HSQC NMR Analysis of AcCNF Extracted with DMSO-d 6
AcCNF (~ 50 mg) was added to an NMR tube with DMSO-d 6 and heated at 100 o C for 2 hr. The sample was measured using a Varian Unity Inova 600 MHz spectrometer equipped with a triple resonance probe head. The HSQC pulse sequence with multiplicity editing was used. 
S12. ATR-IR Analysis of the Regenerated AcCNFs
The regenerated AcCNFs were analysed by ATR-IR as a relative measure of the degree of acetylation. The spectra were all baseline corrected and normalised against the largest peak before measuring peak height of the carbonyl signal (~1745 cm -1 ) vs the pyranose backbone signal (~1035 cm -1 ). This ratio was used to give the absolute degrees of acetylation by comparison with a quantitative 13 C spectra obtained for AcCNF, acetylated in [emim] [OTf] using procedure 1. The IR spectra are given in SF8.
SF8. ATR-IRs for all dried or acetylatd CNFs showing the carbonyl region (left) and full spectra (right), normalised
against the pyranose ring peak.
S13. Kamlet-Taft Data
Kamlet-Taft parameters were measured for all ionic liquids in the temperature range of 20-100 o C using a UV spectrometer equipment with a Peltier cell (SF9). 
SF9. Kamlet-Taft Parameters for all Ionic
S14. Rheology Procedure
Shear rheology of the neat ionic liquids and dewatered NFC gels were measured on an Anton Paar MCR 300 rheometer with a plate and plate geometry (25 mm plate diameter, 1 mm gap size). The neat ionic liquids were measured in steady shear mode. First, a flow curve was recorded at 20 °C, over the shear rate range of 0.1-100 s -1 . Due to the low viscosity of some ILs, approaching the sensitivity limit of the device, the data at low shear rates showed fluctuation. Thus, the following steady shear temperature sweep was performed at a constant shear rate of 50 s -1 where all ILs showed stable and reproducible results. The temperature profile was recorded at a linear heating rate of 3.6 K/min.
Oscillatory shear rheology of dewatered gels was measured with the same set up (25 mm plate diameter, 1 mm gap distance). The viscoelastic domain was determined by performing a dynamic strain sweep test and a strain of 0.1%, which fell well within the linear viscoelastic regime, was chosen for the frequency sweep measurements. Each sample was subjected to a dynamic frequency sweep at 20 °C, over an angular frequency range of 100-0.01 s When Procedure 2 (see main text & S4) was applied for all ionic liquids and GVL, a similar recycling was performed to obtain samples for 1 H NMR analysis (SF12). These spectra are consistent with no degradation of the imidazolium cation portion. Trace solvent peaks are observable.
SF12.
1 H NMR spectra for the recycled ionic liquids and GVL, after acetylation of CNF, in at 27 o C.
